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A STUDY O F  THE EFFECT O F  FLIGHT 
DENSITY AND BACKGROUND NOISE ON 

V/STOL ACCEPTABILITY 

By Harry S ternfe ld ,  Jr, 
and Ernes t  G. Hinterkeuser 

Boeing Vert01 Company 

and Roy B. Hackman, PhD and J e r r y  Davis, PhD 
Hackman and Associates 

SUMMARY 

A program was conducted,during which t e s t  s u b j e c t s  
evaluated the sounds of a h e l i c o p t e r ,  a turbofan STOL,and a 
t u r b o j e t  a i rp l ane .  Over 10,000 evaluat ions w e r e  made w h i l e  
t h e  s u b j e c t s  w e r e  engaged i n  w o r k  and l e i s u r e  a c t i v i t i e s .  T h e  
effect  of  nunfber o f  f l i g h t s  per  hour and types of  background 
Poises w e r e  evaluated.  I n  a d d i t i o n  a d e t a i l e d  s tudy  w a s  made 
of  t h e  t i m e  p a t t e r n i n g  employed by t e s t  subjects i n  a r r i v i n g  
a t  a no i se  evaluat ion,and some o f  the psychological  f a c t o r s  
which may in f luence  response t o  a i r c r a f t  no ise  and/or t es t  
p rogram.  

Some of t h e  important f ind ings  w e r e :  

1. 

2. 

3 .  

4. 

Exposure t o  a high r e p e t i t i v e  d e n s i t y  o f  a i r c r a f t  
sounds does no t  make t h e  ind iv idua l  sound more 
annoying,but t h e  t o t a l  exposure however, can 
create an unacceptable environment. 

The inc lus ion  of a t i m e  durat ion t e r m  app l i ed  t o  
dBA measurement can r e s u l t  i n  a correlation wi th  
s u b j e c t i v e  response, which compares favorably with 
E f f e c t i v e  Perceived N o i s e  Level. 

Temporal v a r i a t i o n s  i n  a d i e n t  no ise  levels which 
do no t  mask t h e  a i rc raf t  sounds have no s i g n i f i c a n t  
effect  on the eva lua t ion  of t h e  a i r c r a f t  noise .  

The t i m e  during exposure t o  a i r c r a f t  no ise  a t  which 
an eva lua t ion  i s  made has  l i t t l e  e f f e c t  on t h e  
evaluat ion.  

INTRODUCTION 

This program along wi th  re ference  1 and 2 forms a set  o f  
i n v e s t i g a t i o n s  t o  assist i n  developing eva lua t ion  methods, and 



l i m i t s ,  which can be app l i ed  t o  the noise  generated by V/STOL 
a i r c r a f t  opera t ions .  These type of a i r c r a f t  r e q u i r e  s e p a r a t e  
cons idera t ion  from a i r p l a n e s  because o f  s u b s t a n t i a l  d i f f e r e n c e s  
i n  acous t i ca l  s p e c t r a ,  exposure t i m e s ,  and f l i g h t  schedules.  
I n  addi t ion  s i n c e  h e l i c o p t e r s  conduct terminal  ope ra t ions  i n  
cen te r  c i t y  and suburban l o c a t i o n s  t h e  e f f ec t  of  anibient no i se  
due t o  t r a f f i c  may be q u i t e  i n f l u e n t i a l  on s u b j e c t i v e  as- 
s e s s m e n t s .  

Obviously, the optimum cr i te r ia  can be established by 
in t roduct ion  of  the  p a r t i c u l a r  s e rv i ce ,  s tudying  the p u b l i c  
response, and then s e t t i n g  the no i se  l i m i t s .  This is  i n  f a c t  
t h e  noise case  h i s t o r y  of the j e t  a i r p l a n e .  I t  i s  apparent ,  
however, t h a t  such procedures a r e  no longer  s o c i a l l y  acceptab le  
nor economically feasible, and t h a t  eva lua t ions  must be made a 
p a r t  of the planning and development cyc le .  

I 

In a previous s tudy  conducted by Boeing-Vert01 for NASA 
( ref .  1) , t h e  method of pa i r ed  comparisons was used t o  eva lua te  
t h e  r e l a t i v e  annoyance o f  the  sounds of s e v e r a l  types o f  
V/STOL a i r c r a f t .  I n  a second i n v e s t i g a t i o n  ( re f .  2 )  a t es t  
methodology was used which attempted t o  provide s u b j e c t i v e  
evaluat ions of a i rc raf t  no i se  obtained under more n a t u r a l  
condi t ions than the t r ad i t i ona l  l abora to ry  tests. This method 
o f  "Absolute Subject ive Test ing" is  based on the i n t e r a c t i o n  
b e t w e e n  t he  ind iv idua l  and the e f fec t  of  no i se  on h i s  a c t i v i -  
t i e s  and s t i l l  y i e l d s  r e s u l t s  w h i c h  are i n t e r p r e t a b l e  i n  t e r m s  
of c r i t e r i a .  This method was then  used t o  s tudy  t h e  effects  
of dura t ions  of noise  exposure on sub jec t ive  evaluat ion.  

personal a c t i v i t y  is  o f  p a r t i c u l a r  s i g n i f i c a n c e  t o  t h e  VTOL 
a i r c r a f t .  Because of  the a b i l i t y  of  VTOL a i r c r a f t  t o  hover 
and f l y  a t  extremely l o w  speeds,  the  p o t e n t i a l  no i se  exposure 
t o  observers can be many t i m e s  t h a t  r e s u l t i n g  f r o m  a f ly-over  
of  a fixed wing a i rp l ane .  I n  such s i t u a t i o n s  it might be 
expected tha t  t h e  cumulative effects o f  increased  t i m e  could 
be s u b s t a n t i a l l y  d i f f e r e n t  i f  t h e  tes t  s u b j e c t  is engaged i n  
a c t i v i t i e s  which absorb h i s  i n t e r e s t ,  r a t h e r  than merely 
s i t t i n g  and l i s t e n i n g  t o  t h e  sound. I n  t h e  case  of VTOL 
a i r c r a f t  t h e  eva lua t ion  of acceptab le  a c o u s t i c a l  s i g n a t u r e s  
can d i c t a t e  t h e  appropr ia teness  of var ious  conf igu ra t ions  t o  
se rve  t h e  cormercial  market. I t  i s  t h e r e f o r e  n o t  inconceiv- 
ab le  t h a t  an  a r t i f i c i a l  conservatism i n  such an i t e m  a s  t i m e  
exposure f a c t o r  could p r e r a t u r e l y  discourage t h e  development 
of VTOL a i r c r a f t  s e rv i ce .  

The concept of  ob ta in ing  eva lua t ions  as a f f e c t e d  by 
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ABSOLUTE SUBJECTIVE RESPONSE TEST 

DESCRIPTION OF PROGRAM 

Concept 

This  program w a s  designed t o  c o l l e c t  the s u b j e c t i v e  
opinions regard ing  t h e  a c c e p t a b i l i t y  o f  a i r c r a f t  sounds and 
t o  c o r r e l a t e  t h e s e  eva lua t ions  with t h e  a c o u s t i c a l  environment. 
A major goa l  was t o  make the  procedure a s  n a t u r a l  as poss ib l e  
so t h a t  t h e  eva lua t ion  would be  based on t h e  manner and degree 
i n  which t h e  no i se  a f f e c t e d  t h e  a c t i v i t i e s  of  t h e  sub jec t ,  and 
the ac t  of performing the r a t i n g  would become a secondary task .  
T h i s  is  i n  c o n t r a s t  t o  another type o f  eva lua t ion  i n  w h i c h  t h e  
s u b j e c t  offers opinions o f  how the sound might affect  h i m  i n  
var ious  s i t u a t i o n s  and h i s  p r imary  task is  l i s t e n i n g  t o  no i se  
and f i l l i n g  o u t  an eva lua t ion  sheet .  

I n  
designed 

1. 

2. 

3 .  

4. 

orde r  t o  achieve t h e s e  goals,  t h e  t e s t  s i t u a t i o n  was 
t o  incorpora te  t h e  following f e a t u r e s :  

The s u b j e c t s  were housed i n  a "normal" environment, 
and the sounds w e r e  generated from the e x t e r i o r  t o  
t h e  housing s t r u c t u r e .  

The s u b j e c t s  were engaged i n  a c t i v i t i e s  w h i c h  had 
s i g n i f i c a n c e  t o  them,and t h e  process  o f  i n d i c a t i n g  
t h e i r  no i se  eva lua t ions  w a s  designed t o  create a 
minimum d i s t r a c t i o n  from t h e s e  a c t i v i t i e s .  

The t i m e  du ra t ion  of the sounds and t h e  t i m e  
per iods  between, w e r e  r ep resen ta t ive  of a range which 
m i g h t  be expected t o  occur i n  commercial VTOL 
a i r c r a f t  opera t ions .  

During a p o r t i o n  of t h e  program the anibient, o r  
background, no ise  cons is ted  o f  recorded t r a f f i c  noise  
o f  t w o  d i f f e r e n t  types i n s t e a d  o f  a q u i e t  l abo ra to ry  
environment. 

Tes t  F a c i l i t y  

The t e s t  s u b j e c t s  w e r e  housed wi th in  a 8.5 x 3.0 x 2 . 1  m 
( 2 8  X 10 x 7 f t )  o f f i c e  t r a i l e r  w h i c h  was loca ted  wi th in  a 
12.2 x 6.1 x 6.1 m (40 x 2 0  x 2 0  f t )  a c o u s t i c a l l y  i s o l a t e d  
chaniber. The t r a i l e r  w a s  o f  metal f r a m e  and s k i n  cons t ruc t ion  
w i t h  wood panel ing  f o r  t h e  i n t e r i o r  w a l l s .  T h e  f l o o r  was 
completely covered by a carpe t .  The i n t e r i o r  of t h e  t r a i l e r  
w a s  furn ished  so tha t  one h a l f  of it simulated a working 
environment wi th  o f f i c e  t a b l e s  and chairs, w h i l e  the o t h e r  h a l f  

3 



simulated a l e i s u r e  environment w i t h  a couch, lounge c h a i r s ,  
a t e l e v i s i o n  set ,  tables, etc. N o  wa l l  was used t o  s e p a r a t e  
t h e  a r e a s , i n  order  t o  keep t h e  genera l  atmosphere a s  spacious 
a s  possible .  v e n t i l a t i o n  was accomplished by t y i n g  i n t o  t h e  
Acoustical  Laboratory a i r  condi t ion ing  system,thereby providing 
a p leasant  climatic atmosphere without  i ncu r r ing  noise  l e v e l s  
which would be  t y p i c a l  of window a i r  condi t ioners .  

F i g u r e  1 i l l u s t r a t e s  t h e  genera l  arrangement,while 
Figure 2 shows t e s t  s u b j e c t s  i n  t h e  work and l e i s u r e  environ- 
ments. 

The a i r c r a f t  sounds w e r e  played through a system whose 
speakers w e r e  l oca t ed  as shown i n  Figure 1. These speakers  
w e r e  mounted above t h e  roof  l e v e l  o f  t h e  t r a i l e r  and directed 
a t  the  t r a i l e r  wa l l  and roof .  Figure 3 i l l u s t r a t e s  t h e  
acous t i ca l  systems used t o  genera te  t h e  ambient and a i r c r a f t  
no ises .  The a c o u s t i c a l  environment wi th in  the t r a i l e r  was 
continuously monitored by recording t h e  output  f o r  four  c a l i -  
b r a t e d  microphones on a t ape  recorder  (F igure  1). 

In order  t o  c o l l e c t  t h e  s u b j e c t i v e  eva lua t ions  each t e s t  
sub jec t  was equipped wi th  a s m a l l  box which contained n ine  
pressure  s e n s i t i v e  switches imbedded i n  a t h i n  p l a s t i c  card  
a s  i l l u s t r a t e d  i n  Figure 4. These switches w e r e  very easy t o  
ac tua t e  i n  t h a t  they responded t o  extremely l i g h t  f i n g e r  
pressure,  had no p e r c e p t i b l e  motion, and w e r e  completely 
s i l e n t .  The square format of  t h e  pushbutton arrangement w a s  
f e l t  t o  b e  advantageous n o t  only because o f  i t s  compactnessl 
b u t  a l so  because it d i d  n o t  have t h e  obvious extreme psycho- 
l o g i c a l  ends o f  an i n - l i n e  check l i s t .  I t  w a s  found t h a t  t h e  
t e s t  subjec ts  r a p i d l y  learned  t o  a c t u a t e  t h i s  device wi th  
minimal d i s t r a c t i o n  from t h e i r  o t h e r  a c t i v i t i e s .  

The a c t u a t i o n  o f  a given response box energized a d i g i t a l  
i n d i c a t o r  i n  t h e  c o n t r o l  room so t h a t  t h e  corresponding numeral 
w a s  displayed on a read-out i n d i c a t o r .  Figure 5 shows a block 
diagram o f  t h e  system and t h e  monitor board d i sp lay .  The 
response da t a  was recorded manually a f t e r  t h e  end o f  each t e s t  
sound and w a s  a l s o  recorded au tomat ica l ly  every two seconds by 
a motion p i c t u r e  camera. 

A d i g i t a l  clock on t h e  monitor panel w a s  synchronized 
wi th  two i d e n t i c a l  c locks  i n s i d e  t h e  t r a i l e r  so t h a t  any obser- 
vat ions made by t h e  psychologis t  who was p r e s e n t  i n  t h e  
t r a i l e r  with t h e  t es t  s u b j e c t s  could be correlated wi th  t h e  
response da ta .  



Prepa ra t ion  of Test  Sounds 

Two conf igu ra t ions  w e r e  s e l e c t e d  f o r  t h i s  s tudy:  a 
tandem ro to r  h e l i c o p t e r  and a turbofan STOL. These configu- 
r a t i o n s  w e r e  s e l e c t e d  p a r t l y  because they  embody the types  of 
a c o u s t i c a l  s i g n a t u r e s  w h i c h  may be m o s t  important  w i th  re- 
spect t o  s e v e r a l  o f  t h e  conf igura t ions  under cons ide ra t ion  
for i n t e r -  and in t r au rban  t r a n s p o r t a t i o n .  More s p e c i f i c a l l y ,  
t h e  tandem r o t o r  h e l i c o p t o r  s igna tu re  i s  a l s o  q u i t e  s i m i l a r  
i n  s p e c t r a l  and temporal c h a r a c t e r i s t i c s  t o  t h e  main r o t o r  of 
a s i n g l e  r o t o r  h e l i c o p t e r  o r  t o  a tilt ro tor  conf igu ra t ion ,  
whi le  t h e  turbofan STOL sound i s  more d i r e c t l y  comparable 
wi th  j e t  l i f t  VTOLs and conventional a i r p l a n e s .  

The b a s i c  a i r c r a f t  des igns ,  n o i s e  p r e d i c t i o n s ,  and acous- 
t i c a l  s imula t ions  w e r e  taken from those  prepared under a pre-  
vious NASA c o n t r a c t  ( r e f .  1) .  The a i r c r a f t ,  which w e r e  
e s s e n t i a l l y  s i z e d  fo r  6 0  passengers and a 926 km (500 m i l e )  
range, are i l l u s t r a t e d  i n  Figures  6 and 7 .  S p e c i f i c  d e t a i l s  
regard ing  t h e  p r e d i c t i o n  and s imulat ion of t h e s e  b a s i c  s igna-  
t u r e s  can be found i n  t h e  re ference  l r e p o r t .  These t apes  
w e r e  reworked using t h e  systems i l l u s t r a t e d  i n  F igure  8 t o  
achieve t h e  r equ i r ed  t i m e  du ra t ions ,  l e v e l s  and s ectrum 
shapes i n s i d e  the tes t  enclosure.  
the s p e c t r a  and temporal c h a r a c t e r i s t i c s  of each s igna tu re .  

F igures  9 and YO i l l u s t r a t e  

I n  a d d i t i o n  t o  t h e s e  t w o  VTOL conf igu ra t ions ,  t h e  s u b j e c t s  
w e r e  exposed t o  t h e  fly-by n o i s e  of a j e t  a i r p l a n e .  The 
i n d i v i d u a l  sounds w e r e  then  combined, i n  random o r d e r  on mag- 
n e t i c  t a p e  such t h a t  t e s t  sess.ions could be run wi th  a i r c r a f t  
sounds occurr ing  a t  rates of 6 ,  1 2 ,  2 4  and 4 8  sounds pe r  hour. 

Three background,or ambient sounds w e r e  used dur ing  t h e  
program. The f i r s t  w a s  low level,  a broadband n o i s e  (which 
was a l s o  used i n  t h e  r e f .  2 s t u d y ) ,  approximating an NC-30 
curve;  t h e  o t h e r s  w e r e  recorded t r a f f i c  no i se :  one taken ad ja-  
c e n t  t o  a heavi ly  t r a v e l l e d  highway, and t h e  o t h e r  i n s i d e  an 
o f f i c e  s i x  f l o o r s  above a major c e n t e r  c i t y  s t reet  (Broad 
Street ,  P h i l a d e l p h i a ) .  The l e v e l s  and s p e c t r a  of  t h e s e  sounds 
a r e  presented  i n  F igure  11. 

T e s t  Subjects  -. 
The s u b j e c t s  i n  t h i s  program were twenty-two males and s i x  

females between t h e  ages of twenty-one and t h i r t y - f o u r  yea r s .  
A l l  s u b j e c t s  were members (o r  wives of members) of t h e  Swarth- 
more-Wallingford Chapter of t h e  Pennsylvania Jaycees ,  a young 
mens' community s e r v i c e  organiza t ion .  S ince  payment f o r  t h e i r  
s e r v i c e s  w a s  made d i r e c t l y  t o  the o rgan iza t ion  and used f o r  
t h e i r  community a c t i v i t i e s ,  t h e  sub jec t s  were, i n  an i n d i r e c t  
s ense ,  vo lun tee r s .  The i r  motivation was d isp layed  by high 
a t t endance  and coopera t ive  a t t i t u d e .  Some of t h e  males had 
been s u b j e c t s  dur ing  t h e  ref.  2 program the remainder w e r e  3 
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i n i t i a l l y  screened by means of audiograms f o r  hear ing ,  and by 
interviews w i t h  t h e  psychologis t s ,  f o r  a t t i t u d e .  Deviations 
of more than 20dB below t h e  group mean a t  any po in t  i n  t h e  
audiogram, o r  a nega t ive  a t t i t u d e  towards t h e  t e s t  program, 
was considered j u s t i f i c a t i o n  f o r  d i s q u a l i f i c a t i o n .  

P r io r  t o  t h e  program t h e  s u b j e c t s  w e r e  i n s t r u c t e d  i n  
t h e i r  funct ions and t h e  u s e  of t h e  response equipment, and a 
p r a c t i c e  se s s ion  was he ld .  A verbatim copy o f  t h e  i n s t r u c t i o n s  
may be  found i n  Appendix A. 

Subjec t ive  Accep tab i l i t y  T e s t s  

A t y p i c a l  t e s t  se s s ion  cons i s t ed  o f  one 2 hour and one 1 
hour period. During t h e  f i r s t  per iod  t h e  s u b j e c t s  w e r e  l oca t ed  
a t  t h e  "work" end of  t h e  f a c i l i t y  (F igure  2 ) .  They performed 
paperwork and reading  a c t i v i t i e s  which had been approved by t h e  
psychologis ts .  I n  genera l ,  t h i s  work w a s  d i r e c t l y  r e l a t e d  t o  
t h e  sub jec t s  f u l l  t i m e  occupation or avocat ion and was t h e r e f o r e  
s i m i l a r  t o  t h a t  he performed during t h e  normal day. I n  t h i s  
manner t h e  t a s k s  be ing  performed w e r e  always meaningful t o  t h e  
sub jec t ,  as  opposed t o  an assiyned work e f f o r t  i n  which they 
f e l t  no personal  involvement. 

The second per iod  was gene ra l ly  spen t  i n  t h e  more comfort- 
ab ly  furnished end of t h e  t e s t  room, although it was permiss ib le  
f o r  subjec ts  t o  remain i n  t h e  work a rea  i f  t h i s  w a s  more amena- 
b le  t o  t h e i r  l e i s u r e  a c t i v i t y .  During t h i s  t i m e  t h e  most 
f requent  a c t i v i t i e s  w e r e  watching t e l e v i s i o n ,  p lay ing  cards ,  
conversations,  and r e c r e a t i o n a l  reading. One o f  t h e  psycholo- 
g i s t s  was i n  t h e  t r a i l e r  with t h e  s u b j e c t s  a t  a l l  t i m e s  i n  
o rde r  t o  monitor a c t i v i t i e s  and t o  a c t  as a genera l  observer .  

The s u b j e c t s  had been i n s t r u c t e d  i n  t h e  use o f  t h e  
response equipment, as previous ly  descr ibed ,  and quick ly  
learned t o  respond wi th  a minimum amount o f  d i s t r a c t i o n .  P e r i -  
od ica l ly ,  a s  a i r c r a f t  sounds w e r e  heard they  ind ica t ed  t h e i r  
responses and changed them a s  o f t e n  as they  d e s i r e d  by pushing 
a d i f f e r e n t  bu t ton .  There w a s  no s p e c i f i c  per iod  o f  t i m e  a t  
which an eva lua t ion  w a s  demanded. The f i n a l  eva lua t ion  for 
each sound, however, was assumed t o  be t h a t  which w a s  i nd ica t ed  
a t  1 0  seconds a f t e r  t h e  end o f  t h e  s t imulus .  A t  t h a t  t i m e  t h e  
d a t a  system automat ica l ly  disconnected t h e  ind iv idua ls '  response 
boxes from t h e  i n d i c a t o r  board whi le  a f i n a l  t a l l y  w a s  made, 
and the  i n d i c a t o r  board was au tomat i ca l ly  reset  t o  zero i n  
prepara t ion  f o r  t h e  next  s t imulus .  

The s u b j e c t s  w e r e  divided i n t o  four  groups of  m a l e s  and 
one group o f  females. Table I sunmarizes t h e  t e s t  program 
s t r u c t u r e  and. Table I1 presen t s  t h e  exposure h i s t o r y  of t h e  
group. The order  of p re sen ta t ion  was randomized i n  order  t o  
prevent t h e  s u b j e c t s  from recognizing t h e  t e s t  va r i ab le s .  
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TABLE I 

Work Leisure  

lale 5760 2880 

p e m a l e  1440 720 

TEST PROGRAM OUTLINE 

Tota l  

8,640 

2,160 

rest - Exposures T e s t  Sess ions  Total Observations* Backqround 
per Hour per Sub jec t  

' o t a l  7200 3600 

1 6 

10,800 

2 12 

3 24 

4 48 

900 m w  Level 
Broad-band I 900 

1,800 

3,600 

5 24 1 1,800 Highway 

6 24 1 1 , 800 C i t y  Street 

' o t a l  7 10 , 800 

:Total  obse rva t ions  = (Exposures/Hr) x (  Sessions/Subject)  x 
(3 Hrs/Session)X(25 Subjec ts )  

TABLE I1 

EXPOSURE HISTORY 

( OB s ERVATIONS ) 

D I S C U S S I O N  O F  RESULTS 

Cor re l a t ion  of Subject ive Responses w i t h  
Acoust ical  Data 

The a c o u s t i c a l  d a t a  recorded i n  t h e  t e s t  environment w a s  
analyzedland t h e  r e s u l t s  are presented along w i t h  mean sub- 
j ec t ive  r a t i n g s  i n  F igures  1 2 - 1 4 .  T h e  s u b j e c t i v e  response 
data i s  f u r t h e r  d e t a i l e d  i n  Append.ix B, Table I. 
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Sound p res su re  l e v e l s  on t h e  dBA and dBC s c a l e s  a r e  
maximum values  a t t a i n e d  during each sound. The Composite 
Perceived Noise Level (PNLC) w a s  c a l c u l a t e d  us ing  t h e  method 
and t ab le s  of  r e fe rence  3. I n  t h i s  case t h e  composite va lue  
is  obtained by using t h e  maximum sound p res su re  l e v e l  i n  each 
frequency oc tave  band r a t h e r  than  c a l c u l a t i o n s  over  many t i m e  
increments. E f f e c t i v e  Perceived Noise Level (EPNL) was 
ca l cu la t ed  from 1/2 second i n t e r v a l  1/3 oc tave  band d a t a  i n  
accordance with r e fe rence  4. 

The data r epor t ed  is t h a t  obtained from t h e  microphone 
located on t h e  work table c l o s e s t  t o  t h e  cen te r  o f  t h e  t e s t  
room. Levels va r i ed  somewhat w i th  l o c a t i o n  of  t h e  microphone 
and with the  phys ica l  l o c a t i o n s  o f  t h e  t e s t  s u b j e c t s .  Checks 
o f  o ther  microphones and var ious  personnel arrangements showed 
a non-systematic v a r i a t i o n  of  up t o  p lus  o r  minus 2dB. 

The s u b j e c t i v e  d a t a  used f o r  comparison combined t h e  
responses f o r  m a l e  and f e m a l e  observers  and both  l e i s u r e  and 
work environments. This w a s  done because although t h e r e  w e r e  
d i f f e rences  i n  response p a t t e r n s  between t h e  male and female 
group, t hese  w e r e  n o t  s i g n i f i c a n t l y  g r e a t e r  than t h e  range of 
responses w i t h i n  one sex group. Furthermore any d i f f e r e n c e s  
t h a t  may e x i s t  do n o t  j u s t i f y  t h e  e l imina t ion  o f  e i t h e r  group 
from t h e  data .  

F i g u r e s  1 2  through 14 p resen t s  t h e  c o r r e l a t i o n s  o f  
sub jec t ive  response wi th  s e v e r a l  s tandard  measurements of  t h e  
acous t i ca l  environment. A n  extremely high degree of c o r r e  - 
l a t i o n  i s  af forded  wi th  e i t h e r  a i r c r a f t ,  r e s a r d l e s s  of t h e  
measure employed. 

mode of opera t ion  of  h e l i c o p t e r s ,  a s  compared wi th  STOL 
a i r c r a f t ,  ( t h e  h e l i c o p t e r  has  a s i g n i f i c a n t l y  s h o r t e r  du ra t ion  
o f  l e v e l s  w i th in  10 dB o f  t h e  peak) t h e  t i m e  c o r r e c t i o n  in-  
herent  i n  t h e  EPNL measure f u r t h e r  c o l l a p s e s  t h e  d a t a  between 
t h e  two a i r c r a f t .  I t  i s  i n t e r e s t i n g  t o  note  t h a t  i f  t h e  
cor rec t ion  : t 

where t i s  t h e  t i m e ,  i n  seconds between t h e  10 dB down p o i n t s ,  
is  appl ied t o  t h e  A weighted sound p res su re  l e v e l  (F igure  1 2 )  
a s i m i l a r l y  good c o r r e l a t i o n  can be obta ined  us ing  a much 
simpler a n a l y s i s  system which avoids t h e  use  o f  1 /2  second 
sampling and a d i g i t a l  computer. 

Due t o  t h e  d i f f e r e n t  temporal p a t t e r n s  inhe ren t  i n  t h e  

10 l o g  15 

The c o n t i n u i t y  of t h e  r e s u l t s  of  t h i s  program wi th  t h a t  
o f  reference 2 i s  c l e a r l y  i l l u s t r a t e d  i n  Figure 15. The d a t a  
which is d i r e c t l y  comparable i n  both  programs i s  h e l i c o p t e r  
no i se  a t  a rate of  24 f l i g h t s h r  with "NC-30" a d i e n t ,  and 
observat ion by m a l e  s u b j e c t s  only.  
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E f f e c t  of  F l i g h t  Density 

An important inconsis tency i n  t h e  d a t a  w a s  evidenced 
by  t h e  f a c t  t h a t  t h e  t es t  p a r t i c i p a n t s  spontaneously com- 
p l a ined  about t h e  t es t  se s s ions  during which a ra te  o f  48 
exposures p e r  hour w a s  used although t h e  r a t i n g s  o f  i nd iv idua l  
sounds d i d  no t  appear t o  be influenced. 

Since t h e r e  w e r e  no s i m i l a r  complaints about t h e  24 
events  p e r  hour se s s ions ,  and s i n c e  t h e r e  had been no adverse 
comments during t h e  r e fe rence  2 program, which involved 16  
weeks o f  exposure a t  a ra te  o f  24/hour, it was concluded t h a t ,  
t h e  t o t a l  no i se  exposure reached an unacceptable l e v e l  when 
t h e  exposure r a t e  w a s  i n  excess of t h a t  due t o  a tes t  se s s ion  
o f  2 4  f l i g h t s  p e r  hour and l e s s  than 48 f l i g h t s  pe r  hour.  

T h e  f a i l u r e  t o  provide t h i s  information by means o f  
t h e i r  i nd iv idua l  r a t i n g  s e l e c t o r s  probably r e f l e c t s  a 
combination o f  a f law i n  t h e  cons t ruc t ion  of t h e  experiment 
combined with s t r i c t  adherence t o  i n s t r u c t i o n s  on t h e  p a r t  
o f  t h e  t e s t  subjects. I n  e f f e c t  they  w e r e  asked t o  ra te  
each sound a s  it was presented  to  them and t h i s  i s  p r e c i s e l y  
what they  d id .  They repor ted  the dua l  information t h a t  a 
h igh  r e p e t i t i v e  dens i ty  does not  make t h e  sounds ind iv idua l ly  
more annoying b u t  t h e  t o t a l  exposure however, can create an 
unacceptable  environment. Recognizing t h a t  problem i n  da t a  
i n t e r p r e t a t i o n  e x i s t e d ,  t h e  ques t ion  o f  frequency o f  occurrence 
was f u r t h e r  i n v e s t i g a t e d  by means o f  a ques t ionna i r e  which w a s  
conducted a f t e r  t h e  main program. These r e s u l t s ,  which 
g e n e r a l l y  support  t h e  above conclusions,  a r e  discussed more 
f u l l y  i n  a l a t e r  s e c t i o n  o f  th i s  r e p o r t .  

I n  o rde r  t o  q u a n t i f y  t h e  noise  exposure l i m i t s  expressed 
by  t h e  s u b j e c t s ,  a r a t i n g  method which combines events  is 
r equ i r ed .  Although t h i s  element is  contained i n  t h e  Composite 
Noise Rating and Noise Exposure Forecast  methods,i t  w a s  f e l t  
t h a t  a better mathematical  modeling of t h e  t e s t  program can be 
performed by t h e  a p p l i c a t i o n  of t h e  Noise P o l l u t i o n  Level 
concept formulated by D. W. Robinson i n  r e fe rence  5. 

The gene ra l  concept formulated is  t h a t  a i r c r a f t  no i se  
w i l l  be judged on the basis o f  the  amount by which it in- 
creases t h e  e x i s t i n g  Noise Pol lu t ion  Level according t o  t h e  
formula: 

9 



where 

- - Increase  i n  no i se  p o l l u t i o n  l e v e l  
*N P 
K =  A cons tan t  whose va lue  depends on t h e  

no i se  measurement u n i t s  used 

t* - - Tota l  t i m e  be ing  evaluated 

- S t a r t  t i m e  and end t i m e  of  a i r c r a f t  n o i s e  
event t, 4 t, - 

L ( t >  = Noise due t o  a i r c r a f t  

Ambient no i se  - - L o  

The no i se  p o l l u t i o n  inc rease  due t o  a series o f  a i r c r a f t  
noises  i n  e lapsed t i m e  to can be obta ined  by summing ind iv idua l  
A N i s  

nat ion  of  r ec t angu la r  and t r i a n g u l a r  t i m e  h i s t o r y s :  

For the r ec t angu la r  h i s t o r y  

Most a i r c r a f t  f lyovers  can be cons t ruc ted  from a combi- 

For t h e  t r i a n g u l a r  h i s t o r y  hex 

Any desired se t  of  no i se  measuring u n i t s  can be used f o r  
c a l c u l a t i n g  LN . However, PNLT w i l l  be used f o r  t h i s  s tudy  i n  
o rde r  t o  p r o v d e  f o r  tone co r rec t ions ,  which are no t  available 
f o r  AWeighted Sound Pressure  Level da t a .  Appendix C con ta ins  
t h e  N o i s e  P o l l u t i o n  Level c a l c u l a t i o n s  f o r  each t e s t  s e s s i o n  
which w a s  conducted as p a r t  of  t h i s  program. 

Robinson's argument i s , t h a t  t h e  noise  due t o  an 
a i r c r a f t  ope ra t ion  w i l l  be judged on t h e  b a s i s  of t h e  amount 
by which it inc reases  t h e  e x i s t i n g  anibient Noise P o l l u t i o n  
Level. Figure 1 6  shows t h i s  i n c r e a s e  €or  each t e s t  s e s s i o n  
and ind ica tes  t ha t ,  with t h e  l o w  l e v e l  "NC-30" ambient, an 
increase  o f  g r e a t e r  than  approximately 20 and less than  about 
30 L w a s  permiss ib le .  NP 
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Note tha t  the r a t e  o f  increase of no i se  p o l l u t i o n  l e v e l  
is  somewhat more c r i t i c a l  than  t h e  3dB pe r  doubling implied by 
cons t an t  energy concepts employed i n  N o i s e  Exposure Forecast 
and Composite N o i s e  Rating and, i n  f a c t ,  becomes very s t e e p  as 
t h e  n o i s e  f i l l s  the e n t i r e  t i m e  span. 
considered n o t  on ly  the t i m e  o f  a i r c r a f t  no i se  
exposure, b u t  a l s o  t h e  p o r t i o n  of t o t a l  t i m e  t ha t  it comprises. 
I t  is also noted t h a t  t h e  t o l e r a n c e  l e v e l  determined by t h i s  
experiment is g r e a t e r  than  t h e  10 u n i t s  suggested by the 
r e fe rence  5 paper and probably r e f l e c t s  a more r e a l i s t i c  
assessment o f  what can be expected i n  a community where people 
are engaged i n  a c t i v i t i e s  which d i v e r t  their  primary a t t e n t i o n  
from t h e  a i r c r a f t  i t s e l f .  

That is  because LNp 

E f f e c t  o f  Background Noise 

T h e  t e s t i n g  a t  a r a t e  of 2 4  samples p e r  hour w a s  
repea ted  us ing  t h e  background noises  descr ibed  i n  t h e  s e c t i o n o n  
Tape Prepara t ion .  They w e r e  intended t o  provide a m o r e  real- 
i s t i c  ambient such as m i g h t  be encountered i n s i d e  w e l l  con- 
s t r u c t e d  bu i ld ings  ad jacen t  t o  c i t y  s t reets  and/or highways. 
The change i n  sound f r o m  t h e  broad-band sample used i n  t h i s  
p o r t i o n  o f  t h e  program w a s  charac te r ized  by a type  o f  back- 
ground n o i s e  which embodied a higher  degree o f  v a r i a t i o n  due 
t o  changes i n  t r a f f i c  flow. Figure 11 shows  a graphic  d i s p l a y  
o f  the d i f f e r e n t  ambients.  The ambient l e v e l s  w e r e  kep t  i n  
a range w h e r e  a c t u a l  a c o u s t i c a l  masking w a s  n o t  expected i n  
order t o  avoid confusion between t h e  e f f e c t  of background 
no i se  v a r i a t i o n  on s u b j e c t i v e  evaluat ion and t h e  a b i l i t y  o f  
t h e  s u b j e c t s  t o  hea r  the a i rc raf t .  

T h e  t es t  r e s u l t s  (Appendix B T a b l e  I) i n d i c a t e  tha t  t h e  
v a r i a t i o n  i n  low l e v e l  background noise  had no s i g n i f i c a n t  
effect  on annoyance, a l though  the re  w e r e  n ine  cases o f  
increased  mean group r a t i n g  compared wi th  f i v e  decreases,with 
none of t h e  d i f f e r e n c e s  as l a r g e  a s  one f u l l  r a t i n g  u n i t ,  A s  
d i scussed  i n  the r e fe rence  2 r e p o r t  o f  experiments using t h e  
s a m e  r a t i n g  devices  and systems, a s t e p  o f  about t h r e e  u n i t s  
w a s  r equ i r ed  t o  provide clearly s i g n i f i c a n t  s epa ra t ions  i n  
dec is ion .  T h i s  conclusion was f u r t h e r  s u b s t a n t i a t e d  by Paired 
Comparison Tes t ing  employing d i f f e r e n t  ambient no i se s  which w i l l  
be d iscussed  more f u l l y  i n  a foliowing s e c t i o n ,  ( page number 1 5 ) .  

background no i se  can n o t  be an important factor i n  determining 
t h e  annoyance due t o  a i r c r a f t  operat ion,  b u t  only t h a t  changes 
i n  the temporal c h a r a c t e r i s t i c  o f  arribients whose l eve l s  are 
cons iderably  l o w e r  than  the a i r c r a f t  no i se  l e v e l s  are ev iden t ly  
no thpor t anLThi s  s i t u a t i o n  i s  l i k e l y  t o  e x i s t  very c l o s e  
t o  t h e  t e rmina l  i t s e l f ,  whi le  a t  g r e a t e r  d i s t a n c e s  the a i r c r a f t  
and t r a f f i c  l e v e l s  w i l l  probably b e  more balanced. 

I t  should n o t  be concluded from the above r e s u l t s  t h a t  
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IMPACT OF NOISE PARAMETERS ON 
DESIGN AND OPERATION 

The e f fec t  o f  meeting t h e  no i se  c o n s t r a i n t s  developed 
i n  the preceding s e c t i o n  can be demonstrated by a p p l i c a t i o n  
fg a se l ec t ed  model as follows: 

Assuming a te rmina l  152.4 m (500 f t )  d i s t a n t  from a b u i l d -  
ing  with l o w  ambient no ise  comparable t o  t h a t  of t h e  experimental  
program (52 PNdB).,Evaluate t h e  e f f e c t  of opera t ion  of a modern 
50 passenger tandem r a t o r  h e l i c o p t e r  (Boeing-Vertol Model 347) : 

From f l i g h t  da t a ,  co r rec t ed  t o  indoor va lves ,  t h e  t i m e  
h i s t o r y  of Perceived Noise Level can be cons t ruc ted  a s  shown: 

K 

The inc rease  i n  Noise Po l lu t ion  Level due t o  in t roducing  
t h e  h e l i c o p t e r  ope ra t ion  can then be c a l c u l a t e d  a s  follows: 

= m  L N P  
where 

N = N u d e r  of f l i g h t s  p e r  hour (3600 seconds) 

Applying t h e  va lue  o f  k=2.56 f o r  u n i t s  i n  Perceived 
Noise Level ( r e f .  5) : 

A Ltw = JTLX-iT PNdB 

I n  o r d e r  t o  extend t h e  i n v e s t i g a t i o n  t o  o t h e r  s i z e  
he l i cop te r s  t h e  data o f  Figure 1 7  w a s  c o l l e c t e d  and shows a 
d i r e c t  l i n e a r  r e l a t i o n s h i p  between g ross  weight and passenger 
capac i ty  o f  commercial h e l i c o p t e r  designs.  

Since f irst  approximations of  r o t a t i o n a l  no i se  and 
vortex noise  ( r e fe rence  6) bo th  follow a 6dB pe r  Doubling of 
t h r u s t  t rend  f o r  cons tan t  t i p  speed, 6 d B  pe r  Doubling of pass- 
engers w i l l  be used  f o r  t h i s  s tudy ,  y i e l d i n g :  

1 2  



For 100 passengers 

For 2 5  passengers 

F igure  18 shows t h e  r e s u l t i n g  information superimposed 
wi th  l i n e s  o f  cons tan t  passenger per hour capac i ty .  From t h i s  
it can be concluded t h a t  f o r  t h e  i l l u s t r a t i v e  case chosen t h e  
l a r g e r  number o f  f l i g h t s  with smaller  a i r c r a f t  d i sp l ays  a 
s l i g h t  advantage,  and t h a t  1600 passengers/hour l i es  i n  t h e  
upper range o f  s u b j e c t i v e  l i m i t s  a s  determined by t h e  psycho- 
a c o u s t i c  t e s t i n g .  I n  o rde r  t o  increase  s e r v i c e  s t i l l  f u r t h e r ,  
a d d i t i o n a l  te rmina l  si tes i n  t h e  area would be requi red .  

which uses  an a d d i t i o n a l  set of data  obtained by employing 
d i f f e r e n t  depar ture  pa ths  t o  f u r t h e r  a l t e r  no ise  exposure on 
t h e  ground, 

The e f f e c t  of f l i g h t  t r a j e c t o r y  i s  shown i n  Figure 19, 

The above examples are i l l u s t r a t i v e  o f  t h e  manner i n  
which t h e  s u b j e c t i v e  l i m i t s  can be appl ied  t o  design s t u d i e s  
o r  t o  comparative conf igura t ion  analyses .  The r e s u l t s  apply 
only  t o  t h e  cases  shown and are not  n e c e s s a r i l y  genera l .  
Obviously, o t h e r  no ise  reduct ion  techniques,  such a s  t i p  speed 
change, o r  r o t o r  redes igns  would y i e l d  s t i l l  d i f f e r e n t  r e s u l t s  
a s  would o t h e r  conf igura t ions .  

VARIATION O F  SUBJECTIVE RESPONSE 
WITH EXPOSURE TIME 

One o f  t h e  primary ob jec t ives  o f  t h e  r e fe rence  2 
programlwas t h e  i n v e s t i g a t i o n  of the e f f e c t  o f  t h e  du ra t ion  
o f  V/STOL a i r c r a f t  sounds on sub jec t ive  response.  This f a c t o r  
is  extremely important w i th  r e spec t  t o  t h e s e  p a r t i c u l a r  
configurations,because of  t h e  r e l a t i v e l y  long t i m e  which can 
be encountered compared wi th  CTOL a i r c r a f t  due t o  hover.  
The r e s u l t s  of  t h a t  program d i d ,  i n  f a c t ,  demonstrate t h a t 7  
t h e  t i m e  c o r r e c t i o n s  app l i ed  i n  c a l c u l a t i n g  E f f e c t i v e  
Perceived Noise Level a r e  n o t  l i n e a r  with t h e  l eng th  o f  
exposure. 

The program however, d i d  n o t  permit examination of  a t  
what p o i n t s  during t h e  no i se  exposure t h e  dec i s ion  process  
t a k e s  p lace .  Since a deeper understanding o f  t h i s  f a c t o r  
could  lead t o  bet ter  planning o f  a i r c r a f t  opera t ions ,  t h i s  
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d a t a  w a s  reexamined by d e t a i l e d  reading of t h e  motion p i c t u r e s ,  
which had been taken o f  t h e  monitor boards during t h e  
re ference  2 program. 

The r e s u l t s  of  t h i s  s tudy are presented i n  Table I1 
Appendix B ,and shown i n  Figures  2 0  and 2 1  : For s h o r t  sounds 
( b e l o w  t h i r t y  seconds) t h e r e  i s  one eva lua t ion  made and t h i s  
occurs s h o r t l y  a f t e r  t h e  end o f  t h e  sound. A s  t h e  t i m e  o f  t h e  
sound exposure inc reases  t h e r e  i s  an i n i t i a l  judgment and then  
o f t en  a second eva lua t ion .  Rarely w e r e  more than  two evalu- 
a t ions  made during t h e  course o f  a s i n g l e  sound. Most 
judgments of  t h e  longer  sounds however, w e r e  completed b e f o r e  
t h e  end o f  t h e  soundland 
i t s  peak value.  

i n  f a c t ,  b e f o r e  t h e  sound reached 

Figure 2 1  i n d i c a t e s  however, t h a t  t h e  t i m e  i n  t h e  no i se  
event a t  which t h e  eva lua t ion  i s  made has no c o n s i s t e n t  e f f e c t  
on t h e  eva lua t ion  i t s e l f .  I n  o t h e r  words, i f  a judgment i s  
made b e f o r e  t h e  peak i s  reached, an experienced observer  
ev ident ly  prejudges t h e  l e v e l  which w i l l  be  a t t a i n e d  based 
on t h e  e a r l i e r  po r t ion  of t h e  noise .  

Since persons l i v i n g  i n  t h e  v i c i n i t y  o f  a i r p o r t s  tend  
t o  become c a l i b r a t e d  t o  a i r c r a f t  no ise ,  and a l s o  become 
experienced observers ,  it is  l i k e l y  t h a t  t h e  response t o  
f lyover  no i se  w i l l  be  se t  during t h e  approach and t h a t  t h e  
ac tua l  peak l e v e l  merely confirms t h e  e a r l i e r  r eac t ion .  I t  
may, t h e r e f o r e ,  be  argued t h a t  t h e  t i m e  dur ing which a person 
is  annoyed by a i r c r a f t  no ise  may i n i t i a t e  when h e  r e a l i z e s  
t h a t  t h e  sound w i l l  become loud and cont inues a s  long a s  h i s  
suspicion appears t o  be confirmed. 

STUDY O F  INDIVIDUAL FACTORS I N  
ANNOYANCE EVALUATION 

PAIRED COMPARISON STUDIES 

The purpose of  t h e s e  s t u d i e s  w a s  t o  i n v e s t i g a t e  t h e  
following: (1) Rela t ive  annoyance of  a i r c r a f t  sounds when 
t h e  two types of t r a f f i c  no i se  presented i n  Figure 11 w e r e  

a l s o  p r e s e n t ;  ( 2 )  Re la t ive  frequency of d e s c r i p t i v e  t e r m s  used 
by the observers ,  when t h e y  repor ted  t h a t  they w e r e ,  i n  f a c t ,  
annoyed. 

The tests w e r e  conducted i n  t h e  sane t r a i l e r  used f o r  
t h e  Subject ive Accep tab i l i t y  T e s t s  and u t i l i z e d  recordings 
from t h i s  program and from t h e  r e f .  2 program a s  comparative 
elements. 

14 



The arrangement o f  t h e  sounds w a s  such t h a t  comparison 
sound A was followed by t e s t  sound B, which was i n  t u r n  
followed by t h e  same comparison sound A ( r e p e a t e d ) .  This 
v a r i a t i o n  o f  counter-balanced order  was intended to  reduce 
o r  e l imina te  t h e  p o s i t i o n  e f f e c t  which i s  very bothersome i n  
t h e  use  o f  p a i r e d  comparisons. I n  a l l  ins tances ,  t h e  middle  
sound was t h e  t es t  sound which w a s  t o  be judged as more 
annoying o r  less annoying than  the two comparison sounds 
which w e r e  i d e n t i c a l .  

The i n s t r u c t i o n s  t o  t h e  sub jec t s  a r e  shown i n  Appendix 
D. Par t  I refers t o  t h e  s t imulus  sound, P a r t  I1 refers t o  t h e  
response (degree o f  annoyance) and P a r t  111 r e f e r s  t o  t h e  
d e s c r i p t i o n  of  t h e  t e s t  sound. The i n s t r u c t i o n s  f o r  t h e  
paired-comparisons t es t  (Par t  I) were read  t o  t h e  observers  
as they  r ead  them s i l e n t l y .  Quest ions w e r e  i n v i t e d  and 
discussed,  followed by s e v e r a l  p r a c t i c e  exe rc i se s .  I t  w i l l  
be noted t h a t  i n  P a r t  I1 t h e  observer was i n s t r u c t e d  t o  make 
t h e  paired-comparison f i r s t ,  and then r a t e  t h e  d i f f e r e n c e  
between t h e  t e s t  sound and t h e  comparison sound. The observer  
w a s  permi t ted  t o  judge t h e  two sounds a s  equal ly  annoying, i f  
h e  so desired. This modified and improved pa i r ed  comparison 
procedure enabled t h e  experimenters t o  measure both  t h e  pro- 
p o r t i o n a l i t y  and d i r e c t i o n  of  t h e  pa i red  judgments, a s  w e l l  a s  
t h e  i n t e n s i t y  o r  s t r e n g t h  of  t h e  annoyance a s soc ia t ed  wi th  t h e  
judgment. 

P a r t  111 of t h e  i n s t r u c t i o n s  and procedure consis ted o f  
two p a r t s :  I n  t h e  first p a r t  t h e  observer w a s  asked t o  under- 
l i n e  those  words t h a t  described the  t e s t  sound 5 he could a l s o  
make comments. I n  t h e  second p a r t ,  t h e  observer  was asked t o  
unde r l ine  those  words which helped describe how ht f e l t  about 
t h e  t e s t  sound, he could a l s o  make comments. 

E f f e c t  o f  Added N o i s e  

I n  t h i s  test, t h e  t e s t  sound ( B )  used t h e  same a i r c r a f t  
sound as t h e  comparison sounds ( A )  except t h a t  each t e s t  sound 
had an added background of  t h e  c i t y  o r  highway t r a f f i c  no i se  
whi le  t h e  comparison sound used the  "NC-30" background noise .  
A s  shown i n  Table I I I o f  Appendix B a l a r g e  po r t ion  o f  t h e  t es t  
s u b j e c t s  regarded t h e  sounds t o  b e  o f  equal  annoyance regardless 
o f  t h e  background sound. 

The following t a b l e  111, revea ls  r e s u l t s  which a r e  
h igh ly  c o n s i s t e n t  wi th  t h e  information obtained during t h e  
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TABLE I11 

C i t y  

2 .96  

P A I R E D  COMPARISON TESTS 
MEAN ANNOYANCE RATING 

H i g h w a y  H i g h w a y  C i t y  

3 . 0 1  3 . 0 3  3 .05  

A i r c r a f t  

x 

3 .25  
0.50 

3.20 
0.34 

3 . 1 1  

0.28 

3 . 1 3  

0.36 

lJet Reference G% 

3 . 2 6  3.32 3 .50  
0.4 2 0 . 4 1  0 . 5 9  

3 .18  2 . 9 9  3.19 
0.59 0 . 4 3  0 . 3 5  

3.49 2 . 9 6  3.25 

0 . 5 1  0 . 4 1  0 .43  

3.23 3.07 3 .25  

0.46 0.40 0 . 4 0  

t x 
Pel er 

T u r b o  fan 
x 
Gx 

T i l t  Wing 
x 
% 

C o m b i n e d  
B 

a;; 

0.33 1 0 .32  1 1  0 .34  I 0 . 2 5  

ANNOYANCE SCALE 

1 2 3 4 5 
I 8  I I I I I I I I , l i l l , l , , , l I , I  
I ~ ~ " " ~ " ' " " ' ' ~ " ' ' ~ ' '  

Much L e s s  L e s s  E q u a l l y  More 
A n n o y i n g  A n n o y i n g  A n n o y i n g  A n n o y i n g  A n n o y i n g  

Much More 

R a n g e  of R a t i n g s  

NOTE: X represents an a r i t h m e t i c  mean 
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abso lu te  sub jec t ive  t e s t i n g ,  i n  t h a t  the e f fec t  of adding low 
l e v e l  no ise  w i t h  g r e a t e r  temporal v a r i a t i o n  again appears t o  
have a small  effect  towards increas ing  sub jec t ive  annoyance. 

A i r c r a f t  

He l i cop te r  
(VTOL) 

Descr ipt ions o f  Annoying Sounds 

Sound % of T i m e s  De- 
Descr ipt ion s c r i p t i o n  w a s  U s e d  

Ru&1 i n g  50% 
Thundering 24% 

I n  o rde r  t o  provide f u r t h e r  i n s i g h t  i n t o  t h e  elements 
which a re  important i n  developing r a t i n g s  f o r  V/STOL type 
sounds it was considered d e s i r a b l e  t o  a s ses s  the charac te r -  
i s t ics  o f  t h e  sounds which annoy the s u b j e c t s .  
t h e  comparison sounds cons i s t ed  o f  var ious  combinations o f  
t he  fol lowing a i r c r a f t :  h e l i c o p t e r ,  tilt wing, turbofan STOL, 
and j e t  a i r p l a n e .  

I n  t h i s  t e s t  

T i l t  Wing 

Turbofan (STOL) 

(VTOL) 

Je t  Airplane 
( CTOL) 

A s  p rev ious ly  descr ibed,  t he  s u b j e c t s  n o t  on ly  made 
t h e i r  comparative noise  evaluat ions b u t  also described t h e i r  
f e e l i n g s  about the t e s t  sounds as w e l l  as t h e i r  d e s c r i p t i o n s  
o f  t h e  sounds themselves. 

Resonant 37% 
Ru&1 ing 3 1% 

Roaring 37% 
Piercing 2 6% 
Whining 22% 
Loud 2 2% 

Roaring 61% 
Powerful 3 3% 
Loud 3 3% 
P i e r c i n g  2 6% 

From t h e  s e l e c t i o n  of d e s c r i p t i o n  of f e e l i n g  (e .g .  

O f  
annoyed, i r r i t a t e d ,  pleasant) ,  each answer w a s  ca tegor ized  as 
be ing  acceptab le  o r  unacceptable t o  the t e s t  sub jec t .  
t hose  sounds judged unacceptable,  the d e s c r i p t i o n s  o f  the 
sounds w e r e  t abu la t ed  and are presented i n  Table I V .  

I TABLE I V  

MOST FREQUENTLY USED WORDS TO DESCRIBE SOUNDS 
WHICH OBSERVERS REPORTED TO BE ANNOYING TO THEM 



Note t h a t  f o r  t h e  two VTOL a i r c r a f t  t h e  d e s c r i p t i o n s  
i n d i c a t e  t h a t  annoyance, when it occurs ,  i s  a s soc ia t ed  wi th  
sounds which are predominated by low frequencies .  This i s  
n o t  i l l o g i c a l  s i n c e  "thundering and rumbling" sounds a r e  o f t e n  
assoc ia ted  with unpleasant a spec t s  of  t h e  environment, such 
as danger. 

From a c o u s t i c a l  cons idera t ions  it is  important t o  note  
t h a t  the  weighting of low frequency range i s  o f t e n  minimized 
by many conventional no i se  r a t i n g  measures and may warrant  
s p e c i a l  cons idera t ion  i n  eva lua t ing  pub l i c  response t o  t h e s e  
types of a i r c r a f t .  

PSYCHOLOGICAL FACTORS I N  ANNOYANCE 

I n  order t o  ga in  a d d i t i o n a l  i n s i g h t  i n t o  some of t h e  
underlying reasons and motivat ions which may a f f e c t  how the 
sub jec t s  respond t o  t h e  a i r c r a f t  no i se  s t i m u l i ,  three pro- 
cedures were employed: 

I. Annoyance Survey t o  determine a gene ra l  annoyance 
l e v e l  f o r  each p a r t i c i p a n t .  

11. Opinion Ques t ionna i r e  t o  o b t a i n  information 
regarding how people g e n e r a l l y  r e a c t  t o  a i r c r a f t  
n o i s e  under c e r t a i n  condi t ions .  

111. Discussion Group t o  l e a r n  m o r e  about t h e  s u b j e c t s  
and t h e i r  r e a c t i o n  t o  t h e  s tudy.  

The m o s t  s i g n i f i c a n t  f i nd ings  w e r e :  

1. The s u b j e c t s  w e r e  no t  found t o  be h igh ly  annoyed 
psychological ly  nor w e r e  they  completely t o l e r a n t  
of  t h e i r  environment. 

2. The sub jec t s  d i d  n o t  appear t o  have any psycho- 
l o g i c a l  biases regard ing  environmental  noise .  

A l l  of t h e  s u b j e c t s  had t r a v e l e d  by a i r  p r i o r  t o  
t h i s  i n v e s t i g a t i o n  and gene ra l ly  enjoyed a i r  t r a v e l .  

The s u b j e c t s  r epor t ed  t h a t  they  w e r e  more annoyed 
by sound components t y p i c a l  of  j e t  a i r c r a f t  than  by 
sounds t y p i c a l  of o t h e r  a i r c r a f t  included i n  t h i s  
research .  

3. 

4. 
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5 .  The s u b j e c t s  r epor t ed  they w e r e  s i g n i f i c a n t l y  more 
annoyed as t h e  number of a i r c r a f t  sounds increased  
i n  a given hour with ind ica t ions  t h a t  a ra te  o f  
48 p e r  hour was unacceptable.  

6. The s u b j e c t s  agreed t h a t ,  dur ing t h e  experiment 
t h e  a i r c r a f t  sounds w e r e  considerably more annoying 
during t h e  work per iod  than during t h e  l e i s u r e  
per iod.  When engaged i n  non-work a c t i v i -  
ties, they  f e l t  t h a t  i n t e r f e r e n c e  with a c t i v i t i e s  
involving communicatioqsuch as t a l k i n g  o r  l i s t e n i n g  
t o  t h e  r ad io ,  w a s  a l s o  a f f e c t e d .  

Annoyance Survey 

To determine a genera l  annoyance f a c t o r  f o r  each par- 
t i c i p a n t  i n  t h i s  s tudy,  an Annoyance Survey instrument (see 
Appendix E ' )  w a s  administered t o  each s u b j e c t  a t  t h e  beginning 
o f  t h e  i n v e s t i g a t i o n .  The instrument contained 110 s ta tements ,  
30 o f  which w e r e  def ined  a s  "environmental noise"  s ta tements  
(e.g. ,  t o  hea r  a low-flying j e t  overhead).  Eighty (80) 
s ta tements  w e r e  def ined as "non-noise" i t e m s  (e .g . ,  t o  f i n d  
h a i r  i n  my food) .  Each s u b j e c t  recorded h i s  "annoyance 
r e a c t i o n "  t o  each o f  t h e  110 s ta tements  by w r i t i n g  a number 
(1 t o  9 ,  w i th  9 be ing  most annoying) a f t e r  each i t e m .  T h e  
1-9 s c a l e  w a s  selected s i n c e  t h e  subjects w e r e  t o  u t i l i z e  t h i s  
same scale f o r  recording t h e i r  sub jec t ive  responses t o  a i r c r a f t  
no ise .  

The r e s u l t s  o f  t h i s  survey a r e  summarized i n  F igure  2 2 .  
A s  can be seen by inspec t ion ,  the degree o f  uniformity 
exh ib i t ed  by t h e  scatter p l o t  i nd ica t e s  no s e r i o u s  discrepan- 
c ies  between a t t i t u d e  toward noise  and a t t i t u d e  toward o t h e r  
gene ra l  t ypes  of  annoyance, i n  f a c t  t h e  c o r r e l a t i o n  between 

I t h e  two types  o f  annoyance w a s  + . 7 8 .  

This  h igh  c o r r e l a t i o n  i s  a most important f inding.  I f  
t h e  s u b j e c t s  had ind ica t ed  s i g n i f i c a n t l y  m o r e  ( o r  l e s s )  
annoyance for t h e  "environmental noise"  i t e m s ,  t h e  d a t a  
regard ing  t h e i r  s u b j e c t i v e  responses t o  a i r c r a f t  no i se  would 
have been suspec t ,  as t h e  sub jec t s  may have had p r i o r  psycho- 
l o g i c a l  b i a s e s  regard ing  environmental noise .  

Although t h e  consis tency of t h e  responses a r e  h i g h l y  
s ign i f i can t ,  t h e  r e l a t i v e  homogeneity of  t h e  r e s u l t s  w i th  
r e s p e c t  t o  t h e  annoyance survey responses,  d i d  no t  permit  a 
c o r r e l a t i o n  a n a l y s i s  between t h e  annoyance survey r e s u l t s  and 
t h e  abso lu te  s u b j e c t i v e  t es t  r e s u l t s .  
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The d i s t r i b u t i o n  of responses of t h e  females was 
more heterogeneous than  t h a t  of t h e  males, thereby i n d i c a t i n g  
t h e  p o s s i b i l i t y  of sex d i f f e r e n c e s  i n  response t o  t h e  noise  
s t i inu l i  o r  t o  t h e  t e s t  s i t u a t i o n .  Inc lus ion  of both groups 
i n  the da ta  appears t o  be l e g i t i m a t e ,  s ince  t h e  t o t a l  group 
of female responses i s  c o n s i s t e n t  with t h e  t r end  l i n e  male 
responses- i nc lus ion  of both groups i n  t h e  d a t a  appears t o  
be leg i t imate .  

Opinion Ques t ionna i r e  

An Opinion Quest ionnaire  (see Appendix F )  was completed 
by each s u b j e c t  a t  t h e  conclusion of  t h e  t e s t i n g  program t o  
o b t a i n  information regarding how people gene ra l ly  r e a c t  t o  
a i r c r a f t  no i se  under var ious  condi t ions .  The major conclusions 
drawn from t h e  d a t a  w e r e  as follows: 

1. 

2. 

Subjects  r epor t ed  t h a t  they are very annoyed (7 .0  
o r  more on t h e  1-9 s c a l e )  by sounds descr ibed  as:  
p ie rc ing:  crashing:  s h r i l l :  s t a r t l i n g :  b l a r i n g ;  
screeching;  harsh:  sh r i ek ing  and pene t r a t ing .  I t  
i s  noteworthy t h a t  t h e s e  sounds are n o t  t h e  same 
ones which w e r e  i nd ica t ed  a s  be ing  a s s o c i a t e d  
wi th  annoyance due t o  V/STOL ope ra t ion  during 
t h e  pa i r ed  comparison t e s t i n g .  This i n d i c a t e s  
t h a t  t h e  types of  sounds made by V/STOL a i r c r a f t  
gene ra l ly  are no t  those  which people f i n d  most 
ob jec t ionable .  

Both male and female s u b j e c t s  repor ted  t h a t  they  
a r e  very annoyed by loud a i r c r a f t  sounds when the 
a i r c r a f t  is: On ground-test ing engines;  hovering 
overhead: t ak ing  o f f  and landing.  Since t h e  
f i r s t  o f  t h e  above involved no i se  whi le  n o t  i n  
f l i g h t ,  while  t h e  o t h e r  two may a l s o  involve 
psychological  f a c t o r s  such a s  f e a r  o r  anxie ty ,  t h e  
sepa ra t ion  of no i se  and emotional f a c t o r s  remains 
unc lear .  

3 .  The subjects r epor t ed  t h a t  they  are s i g n i f i c a n t l y  
more annoyed a s  t h e  number of  a i r c r a f t  sounds 
increased i n  a given hour (see Table V) . This 
f ind ing  would s e e m  t o  be very important,  s i n c e  t h e  
s u b j e c t i v e  r a t i n g s  of  t h e  a i r c r a f t  sounds by t h e  
observers  d i d  n o t  re f lec t  s i g n i f i c a n t  i nc reases  
when t h e  frequency of  a i r c r a f t  sounds p e r  hour 
increased.  I t  would appear t h a t  s u b j e c t s  r a t e d  
a given s t imulus ( i . e . ,  a i r c r a f t  no ise)  a s  
independent judgments, w i th  l i t t l e  o r  no regard  t o  
how o f t e n  t h e  sounds w e r e  occur r ing .  When asked 
t o  provide a d d i t i o n a l  information, however, 
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regarding t h e i r  o v e r a l l  r e a c t i o n s ,  they  d i d  r e p o r t  
t h a t  they w e r e  s i g n i f i c a n t l y  more annoyed as t h e  
nurrber o f  occurrences increased per  hour.  

I n  o rde r  t o  ensure t h a t  t h e  s u b j e c t s  w e r e  n o t  merely 
following a p rogres s ive  s c a l e ,  a second survey was given t o  
another.  group i n  which t h e  frequencys 1, 2 ,  4, 6, 1 2  t i m e s  per  
hour w e r e  used. S h i f t i n g  6 and 1 2  from t h e i r  o r i g i n a l  po- 
s i t i o n s  t o  t h e  h igh  end of  t h e  l i s t  r e s u l t e d  i n  approximately 
one u n i t  r a t i n g  inc rease l ind ica t ing  s a t i s f a c t o r y  r e l i a b i l i t y .  

4. The s u b j e c t s  repor ted  t h a t  they a r e  h igh ly  annoyed 
by loud a i r c r a f t  sounds when engaged i n  t h e  
fol lowing a c t i v i t e s :  car ry ing  on a conversation: 
watching t e l e v i s i o n i o r  l i s t e x i n g  t o  t h e  r ad io  They 
ind ica t ed  s i g n i f i c a n t l y  less annoyance t o  loud 
a i r c r a f t  sounds when: doing household chores:  
p lay ing  games indoors;  engaging i n  hobbies.  These 
r e s u l t s  would suggest  t h a t  ones r e a c t i o n  t o  an 
a i r c r a f t  no ise  w i l l  vary s i g n i f i c a n t l y ,  depending 
upon t h e  na tu re  o f  t h e  a c t i v i t y  i n  which one is 
engaged. I t  seems a i r c r a f t  sounds t h a t  i n t e r f e r e  
wi th  communication a r e  more annoying than a i r c r a f t  
sounds t h a t  occur while  people a r e  engaged i n  
a c t i v i t i e s  which do not  r e q u i r e  verba l  communication. 

TABLE V 

Sub jec t ive  Ratings of  A i r c r a f t  Noise According t o  
Frequency o f  Occurrence 

(Resu l t s  from Hackman-Davis Opinion Quest ionnaire)  

- Frequency x Males S Females 

L e s s  than  once p e r  hour 2.40 1.00 

About 6 p e r  hour 2.59 2.80 

About 1 2  pe r  hour 6.18 4.40 

About 24 pe r  hour 7.53 6.40 

About 48 pe r  hour a . 4 1  8.20 

NOTE: K r e p r e s e n t s  an a r i t hme t i c  mean 
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Discussion Groups 

The psychologis t s  who conducted t h e  experimental  
s e s s i o n s  a l s o  had a group d i scuss ion  with the  subjects a t  
t h e  conclusion o f  t h e  i n v e s t i g a t i o n  i n  o rde r  t o  l e a r n  more 
about t h e  s u b j e c t s  and t h e i r  r e a c t i o n s .  The most important 
f indings,  upon analyzing t h e  tapes  o f  t h e  d i scuss ions ,  w e r e  
a s  follows: 

1. A l l  of  t h e  s u b j e c t s  s t a t e d  t h a t  they had t r a v e l e d  
i n  a i r c r a f t  and gene ra l ly  enjoyed t h e  experience.  

2 .  The s u b j e c t s  expressed confidence wi th  r e s p e c t  t o  
t h e  competency o f  p i l o t s  and i n  t h e  gene ra l  
s a f e t y  o f  a i r  t r a v e l .  

3 .  Both male and female s u b j e c t s  agreed t h a t  they  
were very annoyed during t h e  t e s t i n g  se s s ions  
when numerous a i r c r a f t  sounds occurred during each 
hour,  e s p e c i a l l y  48 pe r  hour.  

4. Some s u b j e c t s  f e l t  t h a t  some a i r c r a f t  sounds w e r e  
more annoying during t h e  work pe r iod  than  dur ing  
t h e  l e i s u r e  per iod .  

CONCLUSIONS 

As a r e s u l t  o f  t h e  psychoacoustic t e s t i n g ,  and 
assoc ia ted  s t u d i e s  which w e r e  conducted, t h e  fol lowing 
conclusions can be drawn: 

1. The procedure o f  ob ta in ing  eva lua t ion  of a i r c r a f t  
no ise  while  t h e  t es t  s u b j e c t s  are engaged i n  o t h e r ,  
more normal a c t i v i t i e s  i s  d e s i r a b l e  i n  o rde r  t o  
avoid overconservat ive responses.  
mended however, t h a t  eva lua t ions  o f  each 
sepa ra t e  no i se  event  should be supplemented by 
more genera l  eva lua t ions  o f  each t es t  s e s s i o n  i n  
order  t o  g a i n  i n s i g h t  i n t o  t h e  cumulative e f f e c t s  
o f  combinations of s e p a r a t e  no i se  events .  

Exposure t o  a series of sounds a t  h igh  r e p e t i t i v e  
dens i ty  does n o t  make those  sounds, which occur  
l a t e r  i n  t h e  exposure per iod  i n d i v i d u a l l y  more 
annoying, even though t h e  t o t a l  no i se  exposure of 
combined events  may become unacceptable.  

I t  is  recom- 

2. 
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3 .  

4. 

5. 

6. 

7, 

T h e  i nc lus ion  o f  t i m e  durat ion,  as w e l l  a s  a 
measure o f  sound pressure l e v e l ,  is necessary 
i n  eva lua t ing  V/STOL a i r c r a f t  noise.  

changes i n  t h e  temporal q u a l i t i e s  of  a background 
no i se  whose l e v e l s  are s u b s t a n t i a l l y  below those  
of t h e  a i rc raf t  no i se  appear t o  have no s i g n i f i c a n t  
effect  on t h e  a i r c r a f t  n o i s e  evaluat ion.  Tes t ing  
wi th  d i f f e r e n t  r e l a t i v e  a i r c r a f t  and background 
no i se  l e v e l s  should be conducted. 

When exposed t o  a i r c r a f t  sounds o f  long dura t ion ,  
people tend t o  pre-judge t h e i r  f i n a l  responses.  The 
experienced observer ,  however, appears t o  have t h i s  
a b i l i t y  and does no t  tend t o  revise h i s  opinion 
a f te r  exposure t o  t h e  e n t i r e  sound w h i c h  may con ta in  
h ighe r  levels than  those heard a t  the t i m e  of 
judgment. 

When they are annoyed by V/STOL sounds people t e n d  
t o  describe them by such t e r m s  as thundering, 
rumbling and roar ing .  These a r e  low frequency 
d e s c r i p t i o n s  which tend t o  be as soc ia t ed  w i t h  
unpleasant  a spec t s  of t h e  n a t u r a l  environment 
(e.g. thunder,  earthquakes,  etc.)  . 
The s u b j e c t s  w e r e  most annoyed by  the a i r c r a f t  
sounds when they  interfered w i t h  concent ra t ion  
during the work per iods.  However, when engaged i n  
non-work a c t i v i t i e s ,  they f e l t  t h a t  i n t e r f e r e n c e  
wi th  communication, i .e.  t a l k i n g  and l i s t e n i n g ,  
w a s  a l s o  important.  

The Boeing Ver to l  Company 

September 2 8 ,  1973 
Phi lade lphia  I Pa. 
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APPENDIX A 

INSTRUCTIONS TO TEST SUBJECTS 

This Appendix con ta ins  i n s t r u c t i o n s  t o  t h e  t es t  s u b j e c t s  
(twenty-two males and s i x  females) regard ing  t h e i r  func t ions  
for t h e  t h r e e  hour per iod and t h e  use of the  response equipment. 
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APPENDIX A 

INSTRUCTIONS TO TEST SUBJECTS 

1. 

2. 

3 .  

4. 

During t h e  next  t h r e e  hours ,  you w i l l  be involved i n  a 
s t u d y  regarding t h e  s u b j e c t i v e  a c c e p t a b i l i t y  o f  a i r c r a f t  
noise.  

a )  The f i r s t  two hours  a r e  def ined  a s  a "work" period. 
Bring your own work with you. Examples: w r i t i n g  
t e c h n i c a l  r e p o r t s  o r  papers ,  research ,  p ro fes s iona l  
s tudy,  prepar ing  f o r  tests, etc. 

b) The t h i r d  hour is def ined  a s  a " l e i s u r e "  per iod .  
Such a c t i v i t i e s  a s  watching t e l e v i s i o n ,  p lay ing  cards ,  
conversat ion,  o r  r e c r e a t i o n a l  reading are s u i t a b l e .  

You w i l l  b e  hear ing  a v a r i e t y  o f  a i r c r a f t  sounds during 
the  evening. Your primary t a sk  i s  t o  record  your 
r eac t ions  t o  each sound you h e a r  on t h e  instrument i n  
f r o n t  o f  you. 

Note t h e  c o l o r  o f  t h e  instrument.  You a r e  expected t o  
use t h e  same instrument  throughout t h e  t h r e e  hour per iod.  
Also, no te  t h e  var ious  colored e lectr ical  o u t l e t s  i n  
the room. I t  i s  e s s e n t i a l  t h a t  you match t h e  c o l o r  
of your instrument wi th  the  c o l o r  of  t h e  o u t l e t .  

You w i l l  a l s o  n o t i c e  t h a t  ycur recording instrument  has  
nine numbers, arranged i n  t h r e e  rows. Record your 
r eac t ion  by pushing a number from one (#1) t o  n ine  (#9) .  

For example, push number one, two o r  t h r e e  (bottom 
row) when t h e  sound you h e a r  is i n  an acceptab le  o r  
non-annoying range. 

#1 i s  leas t  annoying on t h e  scale. 

O r ,  push number seven, e i g h t  o r  n ine  ( t o p  row) when 
t h e  sound i s  i n  an annoying or  i r r i t a t i n g  range. 

#9 i s  most annoying on t h e  s c a l e .  

Further ,  push number fou r ,  f i v e  o r  s i x  (middle row) 
when t h e  sound you h e a r  is  i n  a moderately annoying 
range. 
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APPENDIX A 

d) Each t i m e ,  push t h e  bu t ton  you choose f i rmly  and 
ho ld  it f o r  a few seconds. 

5. If you decide t o  change your response dur ing  the sound 
o r  immediately af terward,  you may do so by p res s ing  
another  number. The l a s t  number you push is t h e  one 
recorded by the monitor.  

Any Quest ions? 

N o t e :  The psychologis t  who w a s  ac t ing  as the t e s t  adminis- 
t r a t o r  a t  t h e  t i m e  read the  i n s t r u c t i o n s  t o  t h e  

whenever necessary afterwards.  
u s e  of  t h e  apparatus  and checked whether t h e  responses 
w e r e  be ing  recorded on t h e  monitor.  
beginning of  each se s s ion ,  each observer  pressed  each 
b u t t o n  on h i s  instrument i n  order t o  check whether 
o r  not  t h e  response was being shown on t h e  monitor.  
The t es t  admin i s t r a to r  i n  t h e  t r a i l e r  w a s  i n  d i rec t  
te lephonic  communication with t h e  t echn ic i an  i n  t h e  
s e p a r a t e  e l e c t r o n i c s  labora tory ,  so t h a t  immediate 
s t e p s  could be taken t o  c o r r e c t  any errors i n  t h e  
record ing  system a t  any t i m e .  

subjects a t  t h e  beginning of t h e  experiment and 
H e  demonstrated t h e  

A l s o  a t  t h e  
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APPENDIX B 

STAT I ST ICAL TABLES 

This  Appendix con ta ins  t h r e e  s t a t i s t i c a l  tables:  

Table I - Subject ive Response Data 
Table I1 - Varia t ion  of Sub jec t ive  Response 

w i t h  Exposure T i m e  
Table I11 - Resul t s  of  Paired Comparison T e s t  

f o r  Added Noise 

T h e  fol lowing symbols a r e  used throughout: 

Number of responses 
Mean s u b j e c t i v e  response 
Standard devia t ion  of responses  
Mean response t i m e  

- - N 
- - - 

X - - 
- - 5 

rt 
t 

= Standard devia t ion  of response t i m e  

NOTE: F and r e p r e s e n t  a r i t h m e t i c  means. 
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APPENDIX B 

ALL T E S T  SUBJECTS 
qC-30"  N O I S E  
9TE PER HOUR 
12  24 40 

116 167 345 

1.39 1.62 1.50 

- 8 9  .87 -72  

134  229 452 

3.42 4.13 3.64 

1.51 1.46 1.40 

1 4 1  262 509 

5.46 6.40 5.69 

2 .11  1.64 1.85 

132 220 432 

2.65 2.98 3.21 

2.30 1.47 1.57 

125 230 4.79 

4.33 4.79 5.00 

1.68 1.12 1.52 

140  264 538 

7.66 8.14 8.02 

2.01 1.02 1.41 

145 142 143 

7.21 8.05 7.68 

1.89 1.12 1.17 

TABLE I 

ADDED N O I S E  
(24  P E R  HOUR) 

C I T Y  HIGHWAY 
N O I S E  N O I S E  

172 166 

1.98 2.48 

1.18 1.58 

242 215 

4.06 4.01 

1.60 1.62 

258 242 

6.58 6.50 

2.11 1.86 

163 216 

3.09 3.42 

1.39 1.63 

237 245 

5.04 5.38 

1.56 1.74 

2 58 254 

7.69 8.12 

1.93 1 . 5 1  

145 134  

7.94 8.11 

1.54 . 99 

*Weighted Averages 

S U B J E C T I V E  RESPONSE DATA 

AIRCRAFT 
LEVEL 

Hel icopter  
Level - 3 

H e 1  i copter  
Level - 2 

Helicopter  
Level - 1 

Turbofan 
Level - 3 

Turbofan 
Level - 2 

Turbofan 
Level - 1 

J e t  

ANNOYANCE RATINGS* 
C O M B I m D  WORK AND L E I S U R E  

I 

F 
6 

89 

1.89 

. 8 1  

107 

3.29 

1.25 

119 

5.47 

2.05 

102 

3.46 

1.34 

110 

4 .51  

1.32 

119 

7.55 

2.53 

288 

7.35 

1.74 
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TABLE I1 

VARIATION SUBJECTIVE RESPONSE 
WITH EXPOSURE TIME 

7- 

i r c r a f t  
Type 

e l  i c  p t e r  

le1  icopter  

Helicoptei 

Sound 
Duration Sec. 

1 5  

! 
60 

Level 

I N  
- 
t 

t 

Gt 

fJ-x 

- x 

I1 N 

bt - X 

Response 

44 

22.80 

23.10 

5.91 

1 .91  

40 

21.80 
25.20 

1.60 

1.20 
43 

32.23 

12.65 

6.28 

1 .31  

37 

31.84 

9.03 

1.68 
1.13 

4 4  

50.95 

3.58 

5.09 

1.49 

Changed 
Response 

< 10% 

10% 

< 10% 
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R e  spo n s e 

39 
47.79 
16.27 
1.97 
1.03 
42 

68.45 
39.49 
4.95 
1.47 
34 
62.35 
39.14 
2.21 
1.24 

~~~~ ~ - 
44 
103.09 
80.16 
4.00 
1.58 
35 
98.06 

81.93 
2.30 

1.18 

T i l t  Wing 

AP 
Sound 

Duration Sec. 
I 

Airc ra f t  
Type 

e l i cop te r  120 

2 0 

15 

IDIX B 

27 
21.40 
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TABLE I11 

i3ACKGROUND 

RESULTS O F  P A I R E D  COMPARISON T E S T  
FOR ADDED NOISE 

L E S S  MORE 
ANNOYING EQUAL ANNOYING 

COMPARISONS PERCENT SUBJECTS WHO JUDGED 
AIRCRAFT - LEVEL I SOUND WITH BACKGROUND 

C i t y  
T r a f f i c  

ADDED N O I S E  
URCRAFT - LEVEL 

ret - I  
hrbofan TF - I 
c i l t  Wing - TW - I 
I e l i c o p t e r  - HEL - I 

14% 59% 
41% 50% 
27% 68% 
46% 46% 

LEVEL I combined 
Average 

J E T  - I 
T F  - I 
Tw - I  
HEL - I 

32% 1 56% 1 12% 

LEVEL I 

H i g h w a y  
T ra f f i c  

J E T  - I1 
TF - I1 
TW - I1 
HEL - I1 

LEVEL I1 

2 3% 54% 
32% 50% 
7 3% 27% 
50% 3 6% 

J E T  - I1 
T F  - I1 
Tw - I1 
HEL - I1 

4 5% 
combined 
A v e r a c r e  

LEVEL I1 

42% 14% 

H i g h w a y  
Traf f ic  

c o d i n e d  
A v e r a a e  

46% 4 1% 
41% 54% 
50% 46% 
68% 27% 

5 1% 42% 

27% 
9% 
5% 
8% 

2 3% 
18% 

14% 

I 27% I 50% 
C i t y  41% 32% 
Tra f f i c  2 3% 59% 

50% 41% 

3 5% 46% 19% A v e r a a e  

2 3% 
27% 
18% 

9% 

14% 
5% 
4% 
5% 

7% 
I d 1 I I 
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APPENDIX C 

NOISE POLLUTION CALCULATIONS 

This Appendix conta ins  the Noise P o l l u t i o n  Level 
calculat ions for :  

HI - Helicopter  Level 1 

H2 - Helicopter  Level 2 

T1 - Turbofan Level 1 

T2 - Turbofan Level 2 

J - J e t  Reference 
V - Acoustical  Energy 

The N o i s e  P o l l u t i o n  LN 
Perceived Noise Level rPNLT\ measured i n  PNdB. 

is found us ing  tone-corrected 
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NOISE POLLUTION CALCULATIONS 

for each aircraft e LNP I. calculat 

*2 

52 

b. I 

7.4- 

v + vs P 
- 
- 13.5 
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b b  H3 

v =  
H3 

2 . 3  - - 
"P + vs 

88 

V = 33.0 - - 
"T P 

T2 7 3  

I/ 
P 
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T3 

J 

- v- - 
' 3  vP 

89 

vP 
= 2 3 . 3  

11. C o m b i n e  a i r c ra f t  i n t o  t e s t  sessions 
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= 6 F l i g h t s  / Hr  
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APPENDIX D 

PAIRED COMPARISONS SEQUENCE SURVEY 

This Appendix conta ins  i n s t r u c t i o n s  t o  t h e  t es t  s u b j e c t s  for 
t h e  Paired Comparisons' Sequence. The middle  sound ( B )  w a s  
t h e  t e s t  sound and the comparison sounds (A) a r e  i d e n t i c a l .  
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P A I R E D  COMPARISONS SEQUENCE - NASA 111 
ANSWER SHEET 

T e s t  Ident .  No. Subject  N a m e  

I. 

11. 

111. 

STIMULUS SOUND 

For t h i s  t e s t  you w i l l  hear  t h r e e  ( 3 )  sounds presented one 
a f t e r  another .  The first and l a s t  sounds are cornParison ~~ ~~~ 

sounds ( A )  and a r e  i d e n t i c a l .  The second, o r  middle 
sound, i s  t h e  t es t  sound ( B )  which is  d i f f e r e n t  from t h e  
comparison sounds ( A ) .  Your responses f o r  p a r t  I1 
of t h i s  form are based on comparing t h e  t es t  sound ( B )  wi th  
the comparison sounds ( A ) .  Your response f o r  p a r t  I11 i s  
based on t h e  t e s t  sound ( B )  only.  

I n  diagram form t h e  s t imulus sounds w i l l  appear l i k e  t h i s :  

Comparison sound 

Compare 
wi th  '1 A 1 Compare 1 A 1 < w i t h  

RESPONSE (degree o f  annoyance) 

Please p l a c e  a check mark anywhere along t h e  following 
continuum t o  i n d i c a t e  your judgment about t h e  t e s t  sound 
(B)  as compared t o  t h e  comparison sounds (A)  : 

L e s s *  Equa 11 y* More* 
Annoying Annoying Annoying 

r l ~ ~ l ~ ~ ~ ~ ~ ~ " ' ~ ~ ' ~ l ~ ~ ~ ' ~ ' ~ ~ ' ~ ~ , ' 1 ' ~ ~ ' ~ 1 ~ ~ ' ~ ) ' I ' ' I ' I  

1 2 3 4 5 

* (Verbal i n s t r u c t i o n s )  

DESCRIPTION (of  t es t  sound ' B ' )  - 

Please unde r l ine  any o f  t h e  following words which h e l p  t o  
descr ibe  t h e  t e s t  sound ( B ) :  

p ie rc ing  booming banging b l a r i n g  r o a r i n g  whining 
screaming rumbling thundering resounding j a r r i n g  

s h r i l l  powerful sharp  s o f t  resonant  loud d i s t a n t  
(see next  page) 
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Answer Sheet 
APPENDIX D 

Page 2 

ha r sh  coa r se  muted hushed smothered muffled acute  

ominous 

Comments: 

P l ease  under l ine  any of  t h e  following words which he lp  t o  
describe your f e e l i n q  about t h e  t e s t  sound ( B ) :  

t roubled  s ta r t led  d i s tu rbed  i r r i t a t e d  r e l i e v e d  

oppressed dis t ress  alarm annoyed r e f r e shed  harassed 

m o r t i f i e d  bothered tormented happy calm uneasy 

p l e a s a n t  n e u t r a l  anxious discomfort  r e s e n t f u l  despa i r  

serene.  

Comments : 
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APPENDIX E 

HACKMAN-DAVIS ANNOYANCE SURVEY 

This Appendix conta ins  30 no i se  s ta tements  and 80 non-noise 
s ta tements  i n  o rde r  t o  determine a genera l  annoyance f a c t o r  
f o r  each t e s t  sub jec t .  I n  t h i s  survey, t h e r e  w e r e  28 t e s t  
s u b j e c t s  and t h e i r  mean r a t i n g  is given. 
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HACKMAN-DAVIS ANNOYANCE SURVEY 

NAME DATE 

This survey i s  designed t o  determine t h e  amount of annoy- 
ance a v a r i e t y  of s i t u a t i o n s  may produce f o r  you. To record 
your reac t ion  on each of t h e  s i t u a t i o n s ,  p l ease  use t h e  
following numbers: 

Ranqe of  responses 
7,8, o r  9 - -Extremely annoying(with - 9 being most annoying) 

4,5,  o r  6 - -Moderately annoying 

1 , 2 ,  o r  3 - -S l igh t ly  annoying (with - 1 being not  annoying) 

Thus, you a r e  t o  record your degree of annoyance by w r i t i n g  
a number (1 t o  9)  a f t e r  each s i t u a t i o n .  

Examples: 

1. Roaches i n  t h e  sugar 7 
I f  you consider  t h i s  s i t u a t i o n  "extremely annoying", you 
would w r i t e  "7" ,  "8 " ,  o r  " 9 "  i n  t h e  bland space,  depend- 
ing upon your degree of annoyance. I n  t h i s  example, t h e  
person found the  s i t u a t i o n  "extremely annoying" b u t  not  
I t8 "  or  " 9 "  l e v e l  of annoyance. 

2.  T o  hear  a person snoring 1 
If you consider  t h i s  s i t u a t i o n  " s l i g h t l y  o r  no t  annoy- 
ing" ,  you would w r i t e  'Il", " 2 "  , o r  "3" i n  t h e  blank 
space,  depending upon your degree of annoyance. I n  
t h i s  example, t h e  person found t h e  s i t u a t i o n  "not 
annoying" a t  a l l .  

Please record your degree of annoyance by w r i t i n g  a number 
(1 t o  9) a f t e r  each of t h e  following s i t u a t i o n s .  Do not  spend 
too much t i m e  on any s i t u a t i o n  a s  your f i r s t  r e a c t i o n  is most 
important. 

1. 
2 .  
3. 
4. 
5. 
6. 
7. 
8. 
9. 
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To be pushed i n  a crowd 4.86 
Public bu i ld ings  no t  kep t  c l ean  4 . 54 
To hear t h e  back door con t inua l ly  banging s h u t  4.36 
To follow a smelly bus i n  a c a r  6.25 
Standing i n  a long l i n e  a t  t h e  grocery s t o r e  5:67 
Too many commercials during a movie on t e l e v i s i o n  4.61 
To hear  a person cracking h i s  chewing gum - 4.30 
F l i e s  i n  t h e  k i t chen  5.18 
To hear automobile horns blowing con t inua l ly  6.04 



10 . 
11. 
12 . 
13. 
14 . 
E. 

16 . 
17. 
18 . 
19. 
20. 
21. 
22 . 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32 . 
33. 
34. 
35. 
36 . 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44 . 
45. 
46 . 
47. 
48. 
49. 
50. 
51. 
52 . 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61 . 
62. 

APPENDIX E 

A passenger i n  the ca r  t e l l i n g  m e  how t o  d r i v e  4.68 
People who goss ip  about o t h e r s  - 4.68 
To hear  mosquitoes i n  t he  room - 6.04 
People smoking i n  a confined p l ace  - 4.57 
People s a t i s f i e d  with the  s t a t u s  quo 4.50 
To hear  s e v e r a l  lawn mowers running i n  the neighborhood 
2.61 
A person who throws t r a s h  from the c a r  window 6.29 
TO be i n  the middle of a t r a f f i c  jam 6.21 
People who r e fuse  t o  l i s t e n  t o  my opinions 4.82 
Trash i n  the streets 5.64 
To hear  the alarm clock r ing  loudly i n  the morning 4.00 
A p e r s i s t e n t  salesman a t  my door - 5.71 
To hear  a low-flying j e t  overhead - 3.07 
A person who a c t s  a s  though he knows everything 5.46 
To observe a pe r son ' s  nose running 5.61 
To work i n  t h e  yard 2.46 
To hear  screaming k i d s  playing i n  the  yard 2.57 
To observe an unt idy  room 3.43 
Locking the keys i n  t h e  c a r  6.36 
Pol lu ted  streams 6.79 
Construct ion on malor roads during rush hour 6.43 
To hear chalk squeaking on a blackboard 5.07 
A dr ipping i c e  cream cone 2.71 
To hear dogs barking when I T K  t r y i n g  t o  s l e e p  - 4.86 
Ready t o  take  a ba th  and f i n d  no h o t  water 5.32 
A person who sneezes without covering h i s  m E € l i  5.50 
Running out  of ice a t  a pa r ty  4.43 
To go t o  a s a l e  and f i n d  the  s a L e i t e m s  a r e  s o l d  ou t  4.64 
Young people taking dru s 6.93 

To observe an in tox ica t ed  person 3.89- 
Dir ty  ash t r a y s  i n  s e v e r a l  rooms 4.14 
To hear  a c a r  pass by  w i t h  a hole-the muff ler  3.75 
Being unable t o  f i n d  a pen t h a t  w r i t e s  3.78 
Discovering t h e  t e l e v i s i o n  schedule w a s n d t  c o r r e c t  3.18 
To hear  a ne ighbor ' s  t e l e v i s i o n  playing loudly - 3.71 
The s m e l l  of i n d u s t r i a l  smoke i n  the a i r  6.04 
People who j u s t  c h a t t e r  - 4.67 
To hear  a speaker t a l k  very loudly 4.25 
Men who do no t  s tand  when a woman enters t h e  room 2.36 
To hear  i n t e r f e r e n c e  on the r ad io  4.89 
Warm water from the water fountain= 
Ants on the t a b l e  during a p icn ic  4.35 
P o l l u t i o n  i n  t h e  a i r  6.36 
To hear  c a t s  f i g h t i n g  when I am reading 4.42 
Dir ty  c l o t h e s  on the  f l o o r  4.42 
A person who leaves  food on h i s  p l a t e  r e g u l a r l y  3.00 
TO hear  the running of a vacuum c leaner  2.79 
To f i n d  h a i r  i n  my food 6.67 
TO hea r  the prolonged r inging of a t e l e  hone - 5.71 
A person monopolizing t h e  conversation y.07 
To see l i p s t i c k  on a water  g l a s s  5.17 - 
A person who con t inua l ly  w i s h e s  t o r r o w  your things4.82 - 

- 

- - 
7 - - - 

- - 
- - - - 

- 
- To hear  water dr ipping ? r o m f a u c e t  5.14 

- 
- 

- 
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63. 
64. 
65 . 
66. 
67. 
68. 
69. 
70. 

71. 
72 . 
73 . 
74 . 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
8 2 .  
83 . 
84 . 
85. 
86. 
87- 
88. 
89. 
90 . 
91. 
92. 
93 . 
94 . 
95 . 
96. 
97. 
98 . 
99. 
1Do. 
101. 
102. 
10% 
104. 
10 EL 
106. 
lOZ 

108 

109. 
110. 
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Neighbors e n t e r t a i n i n  a la rge  group l a t e  a t  n i g h t  - 2.50 
To see a person w i t h  % i r t y  f i n g e r  n a i l s  3.57 
To i n v i t e  people t o  your home and have t h e m  a r r i v e  e a r l y  
2 . 9 1  
A rude te lephone ope ra to r  5.11 
TO h e a r  a h e l i c o p t e r  h o v e r w o v e r  your house 5.29 
Cruel ty  t o  animals 8.00 
TO hea r  the t a p p i n g T a  e n c i l  on a desk 4.17 

5.21 
S t r ay  dogs i n  t h e  neighborhood 3.79 
To hea r  t h e  screeching  of t i res  a s  cars c o n t i n u a l l y  s t a r t  
and s t o p  qu ick ly  5.39 
A person wi th  bad b r e a t h  6.17 
Sensa t iona l  head l ines  fouiiZl-in newspapers 3.25 
To hea r  someone e a t  h i s  soup n o i s e l y  4.46 
Hair i n  the bathroom bowl 3.60 
To s e e  a man who needs a shave o r  h a i r c u t  2.36 
To hear  very  loud music 4.32 
To be laughed a t  5.14 - 
Gett ing up e a r l y  m e  morning 4.71 
When I c a n ' t  r eca l l  someone's n a F 4 . 7 9  
To h e a r  s i r e n s  d u r i n  t h e  n i g h t  3.71 

To f i n d  the t o o t h p a s t e  tube w i t h  t h e  cap o f f  2.82 
To u s t  m i s s  your bus 5.21 
To Aear t h e  

Pornography i n  oEFEagazines  3.50 
To h e a r  heavy t r a f f i c  no i se s  m e  morning 4.90 
To w a i t  f o r  a person who is l a t e  5-36 
Finding a page t o r n  o u t  of a book I am reading  5.79 
Rude sales  c l e r k  i n  a department s t o r e  - 6.43 
To hea r  loud thunder a t  n i g h t  3.43 
To have a person jump ahead of  you i n  a l i n e  rather than 
wai t ing  h i s  t u r n  7.29 
Crowded rooms 3.64 
To h e a r  people t a l k i n g  i n  a l i b r a r y  3.61 
Uncleanliness of a person 5-50 
P o l i t i c a l  adver t i sements  on t e l e v i s i o n  3.00 
Detours when on a t r i p  3.67 
A broken z ippe r  4.85 
To h e a r  a j ack  hammer as  a person r e p a i r s  the street  5.00 
A doc tor  be ing  l a t e  f o r  your scheduled appointment - 4.75 
The k ind  of f i l m s  be ing  shown a t  my l o c a l  t h e a t e r s  2.46 
A t i r e  going f l a t  on the car 5.43 
To forget  an i t e m  a t  t h e  g roce ry  s t o r e  4.14 
Not be ing  served  promptly i n  a r e s t a u r a m . 7 5  
F a i l u r  t o  r e c e i v e  any compliment regard ing  your new 
clothes 2.68 
To hea r  t h e  volume go up on t e l e v i s i o n  dur ing  commercials 
4.64 
c a r e l e s s  d r i v e r s  6.79 
Taking tests and surveys 3.68 

- 

A person who does n o t  r e a  Y l y  pay a t t e n t i o n w h e n  I speak 
- 

A person wi th  bad t a  2 l e  manners 

Being misquo f ed 5.39 
ro lon  ed c r y l n g  of  someone e l se ' s  baby 5.07 

- 
- 

- 

- - 
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HACKMAN-DAVIS OPINION QUESTIONNAIRE - 
PUBLIC REACTION T O  AIRCRAFT SOUNDS 

This Appendix is an opinion questionnaire regarding a i r c r a f t  
no ise  under various condi t ions .  It  w a s  adminis tered t o  
seventeen m a l e  subjects and their  mean r a t i n g  is  given. 
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HACKMAN-DAVIS 
O P I N I O N  QUESTIONNAIRE 

PUBLIC m A C T I O N  TO AIRCRAFT SOUNDS 

INSTRUCTIONS: The purpose o f  t h i s  ques t ionna i r e  is t o  o b t a i n  
information on how people g e n e r a l l y  react t o  a i r c r a f t  no i se  
and o the r  sounds. W e  a r e  asking you a s  experienced observers  
t o  t e l l  us  how you th ink  people,  including your se l f ,  g e n e r a l l y  
fee l  about no i se  and how annoyed they  a r e  wi th  it. Please use  
ou r  r a t i n g  scale (1-9) and record  your judgments i n  t h e  proper  
spaces .  
no ise ,  leave t h a t  i t e m  blank. 

1. 

I f  you have no opinion about a p a r t i c u l a r  type o f  

How annoyed are people when hear ing  loud a i r c r a f t  sounds 
when t h e  a i r c r a f t  is: 

CONDITIONS RATING 

7 . 7 1  on ground-test ing engines 

7 .41  hovering overhead ( h e l i c o p t e r )  

5.71 approaching l e v e l  f l i g h t  

5.59 going away-level f l i g h t  

5.19 f l y i n g  crosswise 

L 4 75 f l y i n g  around i n  holding p a t t e r n  

7.65 t ak ing  o f f  

6.18 landing  

Which of t h e  above would annoy you t h e  most? 

How annoying a r e  sounds made by each o f  t h e  following 
a i r c r a f t ?  

2 .  

RATING CONDITIONS 

6.12 He1 icop ter  s 
7.47 Jets 
L 5 29 Propel1 er dr iven  
6.12 Turboprops 
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Which of the above i s  m o s t  annoying t o  you personal ly?  

~ 

3. TO w h a t  e x t e n t  are people  annoyed by t h e  fol lowing sounds? 

Ratinq Descr ip t ion  

8.5 p i e r c i n g  

7.41 c ra sh ing  

8.30 shr i l l  

7.59 s t a r t l i n g  

6.56 staccato 

7.64 b l a r i n g  

6.50 i n t r u d i n g  

6.06 s c r a t c h i n g  

4.29 echoing 

6.7 7 g r ind ing  

- 5.82 buzzing 

5.65 r i n g i n g  

Rat ing Descr ip t ion  

6.52 thundering 

5.63 d issonant  

7.82 screeching 

6.59 c l a t t e r i n g  

6.24 loud 

7 . 0 6 booming 

7.06 h a r s h  

8 . 1 2  sh r i ek ing  

7.63 pene t r a t ing  

5.35 w h i s t l i n g  

5.06 s t u t t e r i n g  

6.48 screaming 

R a t  i n s  Descr ip t ion  

3.18 muted 

4.35 rurrbling 

6.48 j a r r i n g  

6.12 ab rup t  

5.06 i n t e r m i t t e n t  

6.77 r o a r i n g  

6.64 sudden 

6.52 banging 

5.89 sc rap ing  

4.7 7 h i s s  ing  

5.77 howling 

6.48 y e l l i n g  

4. How annoyed are people  when the  frequency o f  occurrence is: 

RATIZJG FREQUENCY 

2.40 l e s s  than  once p e r  hour 
4.59 about s i x  p e r  hour 
6.18 about twelve p e r  hour 
7.53 about twenty-four per hour 
8 .41  about fo r ty -e igh t  per hour 

7.94 a series of loud sounds a t  
i r r e g u l a r  i n t e r v a l s  over a long 
per iod of t i m e  

Which of the above would annoy you t h e  most? 
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APPENDIX F 
5. How annoyed a r e  people by loud a i rc raf t  sounds when they  

a re  engaged i n  t h e  fol lowing a c t i v i t i e s ?  

RATING 

5.53 

5.29 

5.41 

4.06 

6.35 

6.12 

5.88 

3.88 

3.94 

6.29 

5.00 

4.56 

7.17 

5.06 

.- 

ACTIVITY 

working i n  o f f i c e  o r  shop 
working a t  home 
r e c r e a t i o n  a t  home outdoors 
p lay ing  games indoors 
watching TV 
l i s t e n i n g  t o  r a d i o  
l e i s u r e  reading 
doing household chores  
hobbies, handcraf t s  
t a l k i n g  on telephone 
e a t i n g  

s l eep ing  
ca r ry ing  on conversat ion 
a t  outdoor a t h l e t i c  events  

Which o f  t h e  above would annoy you t h e  most? 

In genera l ,  how annoyed are you a t  a i r c r a f t  noise? 6. 

7 .  Under what condi t ions  are you bothered t h e  most by 
a i r c r a f t  noise? 
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